Food security exists when every person has physical and economic access at all times to healthy and nutritious food in sufficient quantity. There are three fundamental pillars in achieving food security. The first is food availability, second is access to food -economic and physical access -and the third pillar is food utilization. In terms of food availability (the first pillar) today, the world is food secure and statistics shows that global grain prices are less costly in real terms than at any time in recent decades. The second pillar is critical at the national and household levels. At the national level, Oman produces only a fraction of the food it consumes -most of the food, especially grains and red meat, are imported. Land and water scarcity are among the leading constraints to agricultural production such that by 2050 Oman is expected to depend solely on imports to meet food security needs. The third pillar is the utilization of food through adequate diet, clean water, sanitation and healthcare to reach a state of nutritional well-being where all physiological needs are met. Focusing on the two food security pillars (food availability and access to food), this paper proposes three alternative mechanisms for achieving food security in Oman. The three mechanisms proposed are the formation of a National Food Trading Company, setting up an efficient Strategic Grain Reserve System along the lines suggested by the World Bank, and the promotion of private-sector participation in the importation of grain and other critical food commodities. These proposed mechanisms are general and therefore can be easily applied to other Gulf Cooperation Council countries with minor modifications.
Background
Food security exists when all people at all times have both physical and economic access to sufficient food to meet their dietary needs for a productive and healthy life [1, 2] . Achieving food security requires that the aggregate availability of physical supplies of food is sufficient, that households have adequate access to those food supplies through their own production, through the market or through other sources, and that the utilization of those food supplies is appropriate to meet the specific dietary needs of individuals. Based on this widely accepted definition of food security, there are three fundamental pillars to food security. The first is food availability, second is access to food -economic and physical access -and the third pillar is food utilization.
In terms of food availability (the first pillar), recent US Department of Agriculture (USDA) statistics indicate that overall the world is food secure [3] ; for example, based on USDA statistics, global wheat and coarse grain supplies for 2009/10 had been respectively projected at 2.5 and 4.7 million tons higher in January 2010. In terms of world market prices, notwithstanding the recent agricultural commodity and food prices surge in 2007 and the first half of 2008, the global grain prices are still less costly in real terms than at any time in recent decades [4] .
The second pillar is critical at the national and household levels. At the national level, Oman produces only a fraction of the food it consumes -most of the food, especially grains, are imported (Table 1) . Land and water scarcity are among the leading constraints to agricultural production in Oman. Average annual rainfall in Oman ranges from a few millimeters to 300 mm and the evaporation rate varies from 1,600 mm to over 2,000 mm. As a result, water loss exceeds water gain and therefore significant and sustainable local food production expansion to meet food security needs is realistically impossible. Food access at a household level (the second pillar) is also a problem because a segment of households in Oman have insufficient income to afford their food needs in times of crisis, as evidenced by the recent food price surge.
This paper therefore analyzes recent global events such as the recent food price surge and trends in the global food commodity supply and demand situation. Based on the analysis and the two food security pillars, this paper proposes alternative strategies for achieving food security in Oman. The proposed strategies are practically applicable to the other Gulf Cooperation Council (GCC) countries with some minor modifications. The three strategies are proposed in light of land and water shortage in the country as well as the overall world market supply and demand situation as indicated in Tables 2, 3 , 4, 5, 6, and 7. This paper is therefore arranged as follows. The second section looks at the recent food price shock and tries to answer the question of whether this is a new phenomenon or whether there is an underlying cyclical cause to it. The third section discusses the prospects for Oman to expand domestic production as a strategy to achieve food security. The fourth section presents an overview of world supply and demand for leading agricultural food commodities. The fifth section presents the three mechanisms for achieving food security in Oman. The sixth section presents the conclusions of this paper. The recent food price shock, is this a new phenomenon?
The surge in the world commodity prices in 2007 and the first half of 2008 took the world by surprise. A lot has been written so far regarding the surge in commodity prices, and overall there appears to be a common consensus that even though in nominal terms commodity prices increased significantly, in real terms the recent increases are more or less like the minor price fluctuations of the 1980s and 1990s [4] . Figure 1 , adapted from Piesse and Thirtle [4] , tracks prices of four leading food commodities from 1954 to 2008. Figure 1 shows that in real terms (constant 2007 US $) the current price spikes are more or less like the price fluctuations of the 1980s and 1990s compared with the 1970s crisis. In real terms, prices of all the four commodities were lower in 2008 than they were in 1974. Therefore, in real terms, food was far cheaper in 2008 than it was back in the 1970s. Figure 2 shows results of a 2008 USDA study tracking the price index for food commodities along with the index for the average of all commodities and an index for crude oil [5] . Figure 2 shows that even though the price index for food commodity rose in the last 2 years leading up to 2008, the price index for all commodities and the price index for oil rose even faster.
Is the recent global food crisis unique? According to Timmer [6] , global food crises are relatively rare events and they seem to occur roughly three times a century; that is, every three decades or so. Timmer states that the recurring nature of food crises implies there is a long-run cycle of decision-making that derives investment in agricultural technology and productivity [6] . If these investments are induced, as suggested by Hayami and Ruttan [7] , then their cyclical nature could be explained by periodic high food prices. If these crises are cyclical as suggested, they are therefore predictable; and if so, we could put in place strategies to reduce their effects.
Prospects for expanding domestic production as a strategy for achieving food security in Oman >As highlighted in the introductory section, land and water scarcity seriously limits agricultural production in Oman. With respect to water availability, which is critical to increasing local production, Oman is among countries that will face serious water deficit by 2050, as indicated in Figure 3 . Figure 3 illustrates (in green) the number of countries in 2050 that will face freshwater surpluses (>1,300 cubic meters per capita per year in water for food availability over current agricultural land). Also illustrated (in orange and red) are countries facing freshwater deficits (<1,300 cubic meters per capita per year). Based on Food and Agricultural Organization data [10] , by 2030 developing countries (such as Oman) would require an average production of 3,000 kcal per capita per day. Assuming that 20% of this is animal protein, an estimated 1,300 cubic meters per capita per year of freshwater would be needed [11] . As indicated in Figure 3 , by 2050 Oman will have between 0 and 500 cubic meters per capita per year of freshwater available, which is a serious water deficit since the amount required is 1,300 cubic meter per capita per year. Land suitable for agriculture is also seriously scarce. The arable land in Oman is about 2.2 million hectares [12], which is equivalent to 7% of the total area of Oman (31.4 million hectares). However, the actual cropped area in the Sultanate is 62,000 hectares or 2.8% of the total arable land (due to an irrigation water shortage) and 0.2% of the total area of the country. This indicates that irrigated land in the Sultanate of Oman is below 1%. If only 2.8% of the 2.2 million hectares of arable land can be supported by available water, it is therefore impossible for Oman to achieve self-sufficiency from local production. The Oman self-sufficiency ratio for important food groups as of 2010 is presented in Table 1 . Table 1 shows that Oman is less than 1% self-sufficient in grain production. To achieve self-sufficiency from local production Oman will have to increase local grain production by 99%, which is impossible given that only 2.8% (or 62,000 hectares) of the total arable land is cropped. In addition, to produce a ton of wheat you need 1,000 tons of water (1,000 cubic meters) and for a ton of rice you need 3,400 cubic meters [13] -Oman does not have water to sustainably produce these grains locally. Table 1 also shows that Oman is 34% selfsufficient in red meat. To achieve full self-sufficiency from own production, Oman needs to increase current production by 66%; this is also next to impossible given that 16,000 cubic meters of water are needed to produce a ton of red meat.
As highlighted herein in relation to land and water availability in Oman, it is clear that the prospects for Oman to achieve self-sufficiency from local production are not good. Oman is expected to continue as a foodimporting country, as indicated in Figure 4 .
Significant expansion of local production to meet food security needs is realistically impossible. Any deliberate efforts to increase local production will put more pressure on the scarce water resources and is therefore not sustainable. Domestic production is therefore not Data presented in millions of metric tons. Data from [15] .
sustainable. Marginally, however, it might be possible to increase local production through improvements in land and water productivity. Otherwise there may be other sustainable ways to attain food security than attempting to increase local production.
Global supply and demand of important agricultural food commodities
The global food supply in general looks promising [3, 14, 15] . Based on the USDA's World Agricultural Supply and Demand Estimates, the global wheat and coarse grain supply outlook is good [3] . The total supply, use and ending stocks for major grains are presented in Table 2 . The global total supply, use and ending stocks for oilseeds are as presented in Table 7 . The ending stocks for oil seeds are projected to reach 65.63 million metric tons in May 2012/13, slightly lower than the 81.41 million metric tons recorded in the 2010/11 season. The ending stocks for vegetable oils are also projected to reach 12.32 million metric tons in May 2012/13, slightly lower than the 13.37 million metric tons in the 2010/11 season. From Table 7 it is therefore clear that there is enough supply of oilseeds in the global market.
Mechanisms for achieving food security in Oman
The Sultanate government, and the other GCC governments for that matter, has always emphasized the need to undertake agriculture in a sustainable fashion. Sustainable and ecologically sound agriculture guarantees the ability of farmers to continue producing food indefinitely in harmony with the biodiversity. Achieving sustainable agriculture in Oman would require policymakers (the government) to make choices -whether to expand domestic production while knowing that such a choice may put strain on scarce resources (Land and water) and is not sustainable, or whether to invest in Data presented in millions of metric tons. Data from [15] .
improving land and water productivity in addition to taking advantage of opportunities presented by the world market. There are issues that the government might need to address in combination with the three mechanisms/ strategies proposed in this paper. First, the government may need to increase investment in new technologies and innovations to increase water availability, including water desalinization and wastewater recycling.
Second, the government may need to create an environment conducive for foreign investors so as to attract more foreign direct investments. More foreign direct investments will help create jobs and improve the incomes of the people, and hence the capacity to afford/access imported food commodities.
Third, as highlighted in the third section on prospects for expanding domestic production, food production in Oman and other GCC countries is limited by land and water scarcity. The emphasis should be directed towards increasing land and water productivity in terms of yields and value per unit of land and water. This would require government investment in research to improve/increase land and water productivity; developing drought resistance and salinity tolerance crops; and improving crop husbandry practices through effective and focused extension services.
A fourth issue is that, since land and water resources are scarce, there is a need to come up with a national strategy stipulating priority crops that should be grown in the country in order to conserve water, instead of the current situation where everything is grown with no clear focus. For example, the list could be established based on water and land-use efficiency and profitability. The focus should also be on crops that can be grown sustainably without compromising the country's scarce water and land resources. This approach will lead to diversification out of regular staple crops into highvalue crops such as fruits and vegetables -these are crops for which the country has already registered high self-sufficiency ratios as indicated in Table 1 .
Another issue is that the government may need to invest in buying or leasing land in land-abundant countries to secure food supply. This strategy has already [5] . been adopted by other GCC countries such as Saudi Arabia and United Arab Emirates. The two countries currently hold more than 2.8 million hectares, mostly in Indonesia, Pakistan and Sudan [16] .
A final issue is to provide Oman people with family planning services and promote nutrition education. Promoting nutrition education will go a long way towards increasing food security by reducing demand for cereals. Currently, for example, while the average global per-capita consumption for wheat is 100 kg per annum, the average per-capita consumption in Oman is 115 kg. Reducing this to the global average could be possible.
These issues highlighted above need to be addressed in combination with the following three mechanisms for ensuring food security. 
Formation of a National Food Trading Company
Land and water scarcity seriously limits agricultural production in Oman and other GCC countries. As indicated in Figures 3 and 4 , Oman has no other credible and compelling options but to continue importing its food needs, especially grains and red meat (Table 1) . One possibility is to establish a National Food Trading Company (NFTC) that will operate independently with minimal government oversight. The NFTC will deal with food commodity trading internationally and domestically, with the mandate or responsibility to make sure that there is enough supply of food commodities in the country during a time of crisis such as that experienced recently.
The advantage of setting-up a NFTC is that such a company can employ financial risk-hedging instruments such as futures contracts and options as cost-effective ways to run its affair.
Futures contracts are one way to manage food commodity price risk. Commodity futures contracts are agreements to purchase or sell a given quantity of a commodity at a predetermined price, with settlement expected to take place at a future date as a result reducing future price risk. Furthermore, futures contracts are standardized in terms of quality and quantity, and place and date of delivery of the commodity. Futures contract transactions are usually made in formal exchanges through clearing houses and are generally closed out before delivery [17] .
Setting up and running a NFTC will not impose significant financial burden on the country because, aside from initial set-up costs, thereafter the company will be required to make a profit and survive on its own.
Setting up an efficient strategic grain reserve system
Oman has what is known as the Public Authority for Stores and Food Reserves (PASFR). Other GCC countries have similar kinds of public authorities. The PASFR is responsible for maintaining reserves of rice, sugar, milk powder and edible oil. The PASFR was established in 1980 to maintain strategic food reserves to meet the essential requirements of the population in an emergency.
The PASFR deals only in four items: rice, sugar, milk powder and edible oil. The authority maintains reserve stocks of these items to meet the emergency requirements for 4 to 6 months. The stocks are regularly rotated; that is, old stocks are sold in the market and these are replenished by new purchases. The PASFR purchases milk powder and edible oil from importers/ traders in the Omani market and imports rice and sugar.
The PASFR could be transformed into a strategic grain reserve (SGR) system and restructured to operate much more efficiently, along the lines suggested by the World Bank in relation to a wheat import supply chain [18] . This will, however, depend on the government objectives. A SGR can be used as an instrument to stabilize price at times of crisis like the recent one in 2008. At its simplest, a SGR that seeks to stabilize prices builds up substantial reserves of food grains during periods of surplus and releases them when prices start to rise.
Maintaining a SGR can be quite expensive, but understanding the relationship between grain prices and stocks [18, 19] can go a long way towards helping to reduce substantially the cost of maintaining a SGR. Figures 5 and 6 show the relationship between wheat and corn price spikes and the world stock-to-use ratios. For both commodities, price spikes occurred when world stock-to-use ratios were low.
Making sure that the SGR is well stocked around the time when the stock-to-use ratios are low and to draw Figure 5 Relationship between wheat price spikes and stock-to-use ratio 1900/01 to 2008/09. Adapted from [19] .
down stocks when the stock-to-use ratios are high will go a long way towards reducing the costs of maintaining SGR.
Promotion of private-sector participation
Promotion and strengthening of the private-sector capacity to participate in the importation of food commodities is another way to ensure availability of food for food security. To achieve this, the government needs to create an enabling environment to attract private-sector participation. This may include availability of lines of credit through commercial banks with government guarantees, and government investment in modern storage facilities (silos) to be leased to the private food importers. Private companies could also be encouraged to invest in agricultural and food production abroad to contribute towards the country's food needs. In Saudi Arabia, for example, Almarai and Savola Al-Azizia United Company have increased their investments in agricultural and food production abroad to meet growing demand in the kingdom [20] .
Conclusion
With land and water scarcity seriously limiting agricultural production in Oman, as well as in other GCC countries, increasing agricultural production through expansion is not feasible. A sustainable marginal increase in output might be achievable through improvements in land and water productivity. In this condition, therefore, the alternative available for Oman is food imports to meet domestic food need, especially grains and red meat (Table 1) .
A number of issues need to be addressed in combination with the three alternative mechanisms/strategies proposed in this paper: increase investment in new technologies and innovations to increase water availability, including water desalinization and wastewater recycling; create a conducive environment for foreign investors so as to attract more foreign direct investments to help create jobs and improve the incomes of the people; increase land and water productivity in terms of yields and value per unit of land and water, through investment in research to improve/increase land and water productivity; come up with a national strategy stipulating priority crops that should be grown in the country in order to conserve water instead of the current situation where everything is grown with no clear focus -the focus should, for example, be on crops that can be grown in a sustainable way without compromising the country's scarce water and land resources; invest in buying or leasing land in landabundant countries to secure food supply; and provide the Oman people with family planning services and promote nutrition education.
The three alternative mechanisms proposed in this paper are the formation of a NFTC, setting up an efficient SGR system, and the promotion of private-sector participation in the importation of food commodities. 
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